Ba 2 Cu 3 O 4 Cl 2 has two inter-penetrating square Cu sublattices, one with square root 2 times the in-plane spacing of the other. Isotropic magnetic interactions between the two sublattices are completely frustrated. Quantum fluctuations resolve the intrinsic degeneracy in the ordering direction of the more weakly coupled sublattice in favor of collinear ordering. We present neutron scattering and magnetization studies of the magnetic structure when the Cu ions are substituted with Co. The Co spins create new magnetic interactions between the two sublattices. The ordering behavior of both Cu sublattices is retained largely unmodified. Between the phase transitions of the two sublattices spin-glass behavior is observed. Magnetization results show a strong enhancement to the ferromagnetic aspect of the magnetic structure. The combination of glassy behavior and large moments strongly suggest that the Co moments induce the formation of local canted states.
II ion at the center of every second plaquette. The position of the Cu II sublattice relative to a Cu I plaquette is shown in Fig. 1 
(a).
The plaquettes are staggered from one plane to the next. The Cu II moments order antiferromagnetically at T N,II = 31.31 ± 0.01 K. The isotropic couplings between the Cu I and Cu II sublattices are completely frustrated and this means that more subtle interactions are manifest 7 . Collinear ordering of the second sublattice with respect to the first is preferred due to the contribution of quantum fluctuations. As a result the Cu II system has Ising class critical properties.
Detailed studies of the pure 2342 materials have been carried out in recent years 6, 7, 8, 9, 10, 11 .
In an applied magnetic field, in the temperature range T N,II < T < T N,I , Sr 2 Cu 3 O 4 Cl 2 develops a small magnetic moment on the Cu II sites. Chou and coworkers studied the behavior as a function of temperature, field strength and field orientation 7 . Combined with the known behavior of the Cu I order parameter it was possible to determine the nature of the coupling between Cu I and Cu II moments. The isotropic average coupling J av = −12 ± 9 meV and may originate from superexchange and direct exchange. The anisotropic coupling is |J pd | = 27 ± 1 µeV and is pseudo-dipolar. Fig. 1(a) . For the Sr material J I ∼ 130 meV while J II ∼ |J I−II | ∼ 10 meV (J I and J II had not been determined by Chou and coworkers 7 ).
The similar transitions and transition temperatures suggest that the coupling strengths will be very similar for the Ba material.
Here we are studying this intriguing two sublattice antiferromagnet with the Cu moments mixed with ∼ 2% Co. This is seen to modify some of the magnetic behavior substantially. The results were confirmed to be similar via more sparse measurements at the ( 3) peak width is comparable to the instrumental resolution. By contrast the magnetic reflection is seen to be broader than the instrumental resolution out of the plane.
The magnetism is correlated over 157 ± 14Å in the [0 0 L] direction which is a little over ten unit cells. This result suggests that two-dimensional Ising behavior is retained.
Magnetization measurements have been carried out for Ba 2 Cu 3 O 4 Cl 2 and for two levels of Co substitution (x = 0.05, 0.1). One of these is similar to the sample described above. 
III. DISCUSSION
We have made a study of the magnetic properties of Ba 2 Cu 2.95 Co 0.05 O 4 Cl 2 using neutron scattering and magnetization measurements. For the pure material the behavior for T < T N,I
is marked by a single phase transition. Here we observe evidence of a new transition for T ∼ 100 K and a transition very similar to that of the pure material at around T N,II . The
Co substituted material also exhibits a much larger ferromagnetic moment than the pure material.
The Cu I spins with Co substitution order in the same way as they do in the pure material, albeit with an increased average moment. Figure 1(a) shows the cancellation of the Cu I contributions at the Cu II sites. A Co moment on the central site in this figure would strengthen the coupling between Cu II moments but would not create anything new. The effective interactions arise from the Co moments on the Cu I sites pictured in Fig. 1(b) . The existence of the uncompensated moment introduces an effective ferromagnetic interaction J 2 between Cu II moments.
As pointed out by Villain, ferromagnetic interactions at random locations in an antiferromagnetic material would give rise to spin-glass behavior in an Ising system 13 . In the case of XY or Heisenberg symmetry the frustration between ferromagnetic and antiferromagnetic interactions can be resolved by canting of the Cu II moments close to the Co site. This situation is pictured in Fig. 1 (Fig. 2) . We assume that the low temperature ordering of the Cu II spins is collinear to the ordering of the Cu I spins as in the pure material. This assumption is supported by the observation that substitution with Co has hardly changed the ordering temperature and critical properties. If there were competition between collinear and perpendicular ordering, due to the Co substitution, it might have been expected that the low temperature transition would have moved away from Ising critical properties. The quasi-elastic measurements (Fig. 2(b) ) revealed diffuse scattering at intermediate temperatures which is associated with very short-range correlations. This scattering is not the same as that observed in the pure material 10 . Here the correlations are due to the local ordering close to the Co moments on both sublattices.
The Co moments on the Cu I sites create a preferred orientation for the antiferromagnetic fluctuations which is perpendicular to the Co moment. The local canted states give rise to the short-range order. It appears likely that the drop in quasi-elastic intensity is associated with a freezing of the perpendicular spin components while the collinear component retains the pure material behavior. It is the interactions between canted regions that lead to spin-glass freezing.
Other magnetic effects also occur in the same temperature range where we observe changes in the diffuse scattering. The development of antiferromagnetic Cu I domains in the vicinity of 100 K has been studied in detail by Parks and coworkers 18 . This is a rare magnetization study of antiferromagnetic domains and was possible because of the ferromagnetic moment developed on the Cu II sites due to the pseudo-dipolar interaction. Two kinds of Cu I domains are possible and the orientation of the associated ferromagnetic moments are mutually orthogonal and so the domain populations can be studied via the magnetization signal. The application of a high magnetic field leads to a single domain dominating the sample. As the field is reduced domains of the other type begin to nucleate. At 100 K the susceptibility for domain wall formation is maximum. Additional studies were made using neutron scattering showing the decrease in intensity of the (3 2 1) reflection at around 100 K. We do not believe that the decrease in scattering intensity at the ( there is no peak in reciprocal space. By contrast, the Cu I antiferromagnetic structure has long-range order. Evidently there is no correspondence between the size of the Cu I and Cu II antiferromagnetic domains at these temperatures. order parameter and is induced by pseudo-dipolar coupling between sublattices. In the Co substituted system the applied field aligns the Co moments on the Cu I sites and the canted contributions on the Cu II sites as pictured in Fig. 1(c) . Some canting of the Cu I moments will also occur 7 . The combination leads to a large ferromagnetic contribution. Figure 4 (c)
shows that these local large moments also give an increase in the susceptibility. Our neutron scattering and magnetization results are consistent with the Co substitution leading to a new transition in the Cu II spin system. Spin-glass freezing at ∼ 100 K precedes the antiferromagnetic ordering at ∼ 30 K. We interpret our observations in-terms of the involvement of both the parallel and perpendicular spin components on the Cu II sites ( Fig. 1(c) ). The change in behavior is due to the influence of the Co moments located 
